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Research on a 1.7 pm all-fiber mode-locked Tm-doped fiber laser

Gao Yuxin'?, Chen Jixiang’, Zhang Zexian®, Zhan Zeyu’, Luo Zhichao®

(1. Department of Mechanical and Electrical Engineering, Shandong Polytechnic College, Jining 272067, China;
2. Guangdong Provincial Key Laboratory of Nanophotonic Functional Materials and Devices,

South China Normal University, Guangzhou 510631, China)

Abstract: The 1.7 um ultrashort pulse fiber laser has received great attention for its promising applications in
various fields, such as bioimaging and materials processing. We experimentally built a 1.7 pm all-fiber structure
mode-locked Tm-doped fiber laser based on the nonlinear polarization rotation technique. The optical gain at
the 1.7 um waveband is effectively obtained by using a core-pumping scheme, and the ASE at long wavelengths
is suppressed by a fiber-based bandpass filter in the cavity. The proposed fiber laser delivers an ultrashort pulse
with a central wavelength of 1733 nm and a 3 dB bandwidth of 6.3 nm. The mode-locked pulse has a repetition
frequency of 19.56 MHz and an average power of 1.4 mW. In addition, the evolution of the pulse inside the laser
cavity is numerically simulated. The proposed 1.7 pm all-fiber mode-locked laser is beneficial to further improve
the stability and integration of the 1.7 um laser source, which could find important applications in fields such as
bioimaging.
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0 51 § 2, RN G GE T A FRIERES AR 1.7 um BB 4E

HPOCLF RO RA DGR BT RLF . 58 A Mg
SEPERF S Z R0, C a8 2N TR EHEE AT
b TR T RO R B K R R b 4
Bl T AR B AT o — MR, A [ 1 FH s
XL ROC R R YERETR b A A R 2K . Horh, TAE
e BOAE O a% 00 H S AR AR 2 — 1, PuE TR0
A B SEBR R MG o AE AR, 1.7 pm 3B 14788 5 ik e
WOG R T IR OGRS RS2 28 TR A L2
Ko M TARGE M BURE A, 1.7 pm 5 BB PO
R AE A W 20 29 B T /N B RIS R ARR 1 K g
WP, PR, 1.7 w3 B ) PR R AT LA AE
Grb S B R B B ARIR B, 9 4N 22 0 W s L A
TWrE UGS S —Jr T, Beli Ll & C-H., O-H 453k
P g ) s W BT A T 1.7 pm B, P 1.7 pm
P B O GIRIE AT DL TR W5 2H 2R 6 R |
JE RO T ARG Wy T 5 A6 I v P

XF 1.7 um 3 B RO G IR I BOR T SR A R
SEFRATIHRE T AR DT R ARTE 1.7 um P B
POLIE, T L7 pm & T 8 6L Ry R S A
B, PR, BIFSE N B SR R IR B SRS
(Soliton self-frequency shift, SSFS) J5 ¥£ 3R 15 A% 1.7 pm
e B B ik oGRS, BUAR SSFS T AN 2 1 2 4l 9
BRI, AT L 529 M AR AR AN (] 4 A bk o, SR T,
JH SSFS kA5 1Y Bk o G2 v (4 A% & 5 2 Ik i
EHIHRA K, WNFGHE—LHET 1.7 pm BBk 2
T B R SRR AR, X o
WA G, RS T HB G B 7 AR
AW Ty Y, SRS IS A 25 4T ok it
1.7 pm i B3 25 02 O B A A0 O . R R
ZEBE IDF G SR A 806 4F (Bismuth-doped fiber,
BDF) 7] LA B #4814 1.7 pm B 2510, SR, H
HI BDF 7E 1.7 pm 3% Be 93 65 22 808K, 1 5 IF A S8
R AR H

AL TR EOGET, BB 5RO 7E°F,-H, fiE
Gz [ B A 1600~2 100 nm (9 58 & HH5 17, Bk W
SRS 1.7 pm BOGR A RO 25 4 IS @ 7
DI FROIACHT 38 R I ke, BRI A O AR T L
Al 1.7 pm BB AR R Ik, BT R HBEOL

JCEFHOCAR o SRTIX L BOLE LT #0425 25 DG IR
P, Ban g AR o g A uEo
Jr A AR ks H] ' I 4 O BE S RO AR 1R
SEVERVBEIURE . MNSE BRI AR B2 25 1, 0BT 45 Al 1Y
1.7 pm BIBGROGERRE 22 AR . IR, TR
T K71 Chen 55 A\ B B A IE 5 G BB
£F, JF3E o 25 M TDF 57 A5 A 8 0k 28007 DA T B 422 5 42
1.7 pm B AGEF B0 AR, AT, IZIE W (LS
FECET T Z R R TR B, [6] A A SE BT . Lt
A, ik 25t OGER A B BRI RN A — R B
(S ERPIS AR O D 3

SCHRGE T — Bl TOLER @ IR AR 1Y 1.7 pm
L BEYREOCA . LD, E 7RG AN
A GER AT 38 I8 AS AT RO I U 7B B SR S
(Amplified spontaneous emission, ASE) 3%, F| F 9 £&
A 3% Jie 5% (Nonlinear polarization rotation, NPR) i R
SEBHOCAS BB, B AT T LK) 1733 nm,
3 dB i 5N 6.3 nm FUBIBERK m i i o BRILZ AN, 2
TR BEBAUT I 1 WK 0P 75 BOG A% P 00 T8 Ao A2
EH MG, SCPHEHRIE 1.7 um 24 B BIRLEOE
%, AT DLt — 2532 T4 1.7 pm 8 BRI IR 1 4R B8
FRSEPE, T EHLBERE R 1.7 pm @ POCEFROLAS BT
RMSH AR AW RS . RSN 55 SR A
N

1 LIS EBFNEE

1RSI 1) 1.7 pm 2 CEF BEPIRIHOE
R EHR I OGRS AR — B L m KA
HIB LT (TmDF200, OFS). i i (i fk 848 64T (1
R AE 5 G FE OB o SR T O
KR 1560 nm Y A8 EH O 27 3806 2% (Erbium-doped
fiber laser, EDFL) YENZEHIVE, Jffid 1560 nm/1750 nm
B3 43 &2 F 4% (Wavelength division multiplexer, WDM)
M BENCL HATL A . th THBELLTE 1.7 pm
W BRI N HE = BE R R Gk, (4P A8l 1 77 X
A R TAEABECLE b S B moh O 5%, DT A 380K
TRE R . BRI AN, BETEBHOLASRAIA T A
FBHFIE AL IR RS (P 1734 nm, 3 dB

202202342



s Gk A2

%74

www.irla.cn

23

%51 %

9 25 nm) R AN P B ROR A A& RS, [
JGHRTE 1.7 pm P BORUR o 12 =3 1118 I & 19 B o
123 K O A% T 5R A ZE 0 G FL ASE i i, ke By 1k #%
PR P IR . OGN R PR AH CRR 25 % (Polari-
zation-dependent isolator, PD-ISO) 7E fiff {4 # 't 5. ] iz
ey [, R REWSAVE MR AT . IRIRIEHI A% (Polari-
zation controller, PC) =% F T Ji PN O 1) Al B R
Ao BRJF, D@D HEE 4% (Optical coupler, OC) )
80% it 11 i Hh o G AR OLET #7 1F R £F 33 ) SMEF-
28 ¢, K 10.5 m, H BBDELF RN 9.5 m, i i
TR AT RIBOLAR I A A (2 —0.452 5 ps®. 0L
i T K R Y6 (Yokogawa, AQ6375 B)
HHEA YIRS (New Focus P818-BB-35 F, 12.5 GHz)
{14 755 7 SIS 7R 0 %% (Tektronix, DSA71604 B, 16 GHz)

ik

EDFL

Unabsorbed
pump & ASE

K117 um 2R BRI Aot SR B
Fig.1 Schematic of the 1.7 um all fiber mode-locked Tm-doped fiber

laser
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IR B BRI, 2 — 20 Tt e S D R 2 R Bk b 4
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1560 nm ZE3H . PIL, 2045 FAE I T2 06 2F 4 il g
W a7 R DR T X ST A, TR E T OGS
7E 1.7 pm P B AR BT,

BT 2B RS Bk R e OGRS AR R, B
BB T ko e SOE S N AL A . SE bR
YA XS FR 4325 (g L B, SR R AR Rt 1 e 15 Rk
ik e Ak A T AR

0A B PA

8 AR
_— = —]— — —A AA 1
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e A g kol 018 A8 4 28 R MR 4 A R RO A 5 AR
z H e 53 AR 1AL i R B RIS [6] 5 By g Ay 43 4K
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g= (1 K ) 2
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y=0.003 W' m™", 1 £ ' £F K B H A5 5K Lype=
1 m, £,=—0.025 ps* m™", AR NGEF K R A HUN Loyr=
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H q¢=0.5 F1 P=100 W, #5Hi tH FLBA Ry, =80%. %X
AR ADL Hp R ey 307 75 8 RO K RN 3 dB Y
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Fig.2 Laser output character. (a) Mode-locked spectrum; (b) Radio frequency spectrum; (c) Pulse train
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Fig.3 Pump light and ASE spectra from the reflection port of the fiber-

based band pass filter
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